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(57) ABSTRACT

This adjusting method can determine the precise deflection
amount of mask deflectors corresponding to each aperture
pattern by precisely measuring the position of the beam
deflected by the mask deflectors 1n relation to that of each
aperture pattern 1n an electron beam exposure apparatus,
comprising an electron gun, a block mask, plural mask
deflectors that deflect the electron beam so as to pass through
one of the plural aperture patterns selectively, convergent
devices that converge the electron beam onto a specimen,
and deflectors that deflect the electron beam on the speci-
men. The electron beam exposure apparatus has the ability
to expose the patterns corresponding to the selected aperture
patterns, at one time, and in which the plural aperture
patterns are square or rectangular and arranged 1n a matrix

5,099,133 A 3/1992 Yamada form, each aperture pattern has a square or rectangular
5,105,089 A 41992 Yamada ................... 250/492.2  maximum aperture area that limits the area in which each
g%gijgig : zﬁ }ggi g?ia;a et lill Cal . 250/4900 aperture is formed, the block mask has at least one adjusting,
7~ ARADAYASHL €L Ak .. ' aperture pattern equipped with independent apertures of the
g’igi’igg ﬁ gﬁggg gﬁgﬁ;ﬁ;egi """"" 219/121.25 same shape arranged along the opposite sides of the maxi-
5:8862357 A 3/1999 Kojima ' mum aperture area, and the mask df—::ﬂe(?tors are adjusted so
5912,467 A 6/1999 OKiNO ......ccoovereene., 250/491.1 that the mtensity of the beam, which is radiated onto the
6,034,376 A 3/2000 Fma specimen, at the portion of the independent apertures of the
same shape arranged along the opposite sides of the adjust-
FOREIGN PATENT DOCUMENTS ing aperture pattern, 1s uniform and maximum.
P 3-119717 5/1991
IP 10-255712 9/1998 6 Claims, 7 Drawing Sheets
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ELECTRON BEAM EXPOSURE APPARATUS,
ADJUSTING METHOD, AND BLOCK MASK
FOR ADJUSTMENT

BACKGROUND OF THE INVENTION

The present mnvention relates to an electron beam expo-
sure apparatus of a block exposure type, an adjusting
method, and a block mask for the adjustment or, in
particular, to the adjustment of a mask deflector to select a
pattern of the block mask.

There 1s a general trend that the density of semiconductor
integrated circuits increases depending on advances 1n
micro-machining technology, and the performance required
for the micro-machining technology becomes more and
more severe. Particularly, 1in exposure technology, the limit
of the optical exposure technology used for devices such as
a conventional stepper has been reached. The electron beam
exposure technology may be used instead of the optical
exposure technology for the advanced micro-machining
technology.

There are several types of the electron beam exposure
apparatuses such as the variable rectangle exposure type, the
block exposure type, and the multibeam exposure type. The
present mvention relates to the block exposure type. In the
block exposure type, a repetitive figure 1s exposed by
Integrating unit patterns generated at one time by an electron
beam passing through a transmission mask having unit
patterns of the repetitive figure.

FIG. 1 1illustrates a configuration of a beam radiation
system of the block exposure type electron beam exposure
apparatus. In FIG. 1, reference number 11 refers to an
clectron gun that generates an electron beam, 12 to a first
convergent lens that forms the electron beam from the
clectron gun 11 mto a parallel beam, 13 to an aperture that
shapes the parallel beam passing through into a specified
shape, 14 to a second convergent lens that converges the
formed beam, 15 to a deflector for shaping, 16 to a first mask
deflector, 17 to a deflector that dynamically compensates for
the astigmatism of a mask, 18 to a second mask deflector, 19
to a convergent coil for a mask, 20 to a first shaping lens, 21
to a block mask moved by a stage 21A, 22 to a second
shaping lens, 23 to a third mask deflector, 24 to a blanking
deflector for on/off control of the beam, 25 to a fourth mask
deflector, 26 to a third shaping lens, 27 to a circular aperture,
28 to a reducing lens, 29 to a focus coil, 30 to a projection
lens, 31 to an electromagnetic main deflector, 32 to an
electrostatic sub-deflector, and 33 to a reflected electron
detector that detects an electron radiated onto a specimen
and reflected thereby, and a unit that includes all the parts
mentioned above 1s called an electronic optical lens barrel
(column). The electron beam 10 from the column 1s radiated
toward a specimen (wafer) 1 placed on the stage 2. The stage
moves the water 1 two-dimensionally 1n a plane perpen-
dicular to the electron beam 10. The electron beam exposure
apparatus 1s further equipped with an exposure control
portion that controls each portion of the column 1n order to
expose a desired pattern.

FIG. 2 illustrates the block mask 21 mentioned above. The
block mask 21 looks like a silicon substrate such as a wafer,
and the block mask area where an actual aperture pattern 1s
formed 1s machined by etching or the like so that the depth
1s about 20 um. In the block mask area, plural aperture
patterns 61 are arranged in a matrix form as shown 1n the
figure. The range 1n which the electron beam 1s deflected by
the mask deflector to select the aperture pattern 61 1s limited,
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and the size of the block mask area 1s determined accord-
ingly. Each aperture pattern 61 has apertures 62 correspond-
ing to the unit pattern of a repefitive figure. Though each
aperture pattern 61 has different aperture patterns generally,
plural apertures of the same shape are provided when the
aperture pattern 1s used frequently. When a pattern 1s com-
prised of a combination of unit patterns only, 1t can be drawn
by selecting and exposing the aperture pattern 61. Generally
it 1s difficult, however, to form a pattern using only unit
patterns, therefore, an aperture pattern 61 consisting of an
entire aperture 1s provided so that any pattern can be drawn
by shaping the electron beam that has passed using a
variable rectangle method.

Moreover, plural block mask areas are provided on a
block mask and the block mask area to be used can be
changed by moving the block mask 21 by the stage 21A.
This 1s because the aperture pattern may be damaged due to
radiation by an electron beam over time.

To select the aperture pattern 61, the beam 1s detlected by
the first mask deflector 16 according to the position of the
aperture pattern 61 to be selected, then the beam i1s made
parallel again with the optical axis by the second mask
deflector 18, and put into the selected aperture pattern 61
perpendicularly. The beam that has passed through the
selected aperture pattern 61 1s deflected by the third mask
deflector 23 so as to return to the optical axis, and the beam
returned to the optical axis 1s deflected by the fourth mask
deflector 25 so as to be made parallel to the optical axis. That
1S, the second mask deflector 18 and the third mask deflector
23 deflect the beam by the same amount but 1n the opposite
direction as that of the first mask deflector 16, and the fourth
mask deflector 25 deflects the beam by the same amount as
that of the first mask deflector 16.

FIGS. 3A through 3C illustrate the size of the beam
compared with the aperture pattern 61 and the influence of
the deviation of the deflection position.

As shown 1n FIG. 3A, plural square aperture patterns 61
are arranged m a matrix form on the block mask 21. In
addition to squares, rectangles may be used. The deflected
beam passes through one of the plural aperture patterns 61,
but a beam of large size may pass through an aperture of
other proximate aperture patterns. Furthermore, an error of
the deflection amount by the first mask deflector 16 may also
cause the beam to pass through an aperture of other proxi-
mate aperture patterns similarly. To prevent this, the beam 1s
made to be about the same size as the aperture pattern 61, a
maximum aperture arca circumscribed by a broken line is
provided to the aperture pattern 61, and the aperture 1s
formed within this maximum aperture area. This will pre-
vent the beam from passing through an aperture of other
proximate apertures as long as the deviation of the detlection
position 1s small. For example, 1f the length of a side of the
square aperture pattern 61 1s P and that of a side of the
maximum aperture area, which 1s arranged 1n the center of
the aperture pattern 61, 1s Q, then the distance R between the
side of the aperture pattern 61 and that of the maximum
aperture area is (P-Q)/2. As shown in FIG. 3B, the beam
does not pass through an aperture of other proximate aper-
ture patterns as long as the error of the beam position is
within =R.

Since there 1s actually an error of the beam size, and the
intensity at the edges changes gradually, it 1s preferable to
adjust the side of the beam so as to be smaller than that of
the aperture pattern 61.

As shown 1n FIG. 3C, however, the distribution of inten-
sity 1s not uniform in the beam, and the intensity is the
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strongest 1n the center and 1t becomes weaker at the periph-
cral portion. Therefore, there exists the difference S 1n
intensity even though the deflection position of the beam 1s
correct and the center of the beam coincides with that of the
aperture pattern 61. This difference S 1n intensity causes the
variations 1 amount of exposure. Therefore, a beam with
small variation 1s generated, and the sizes of the beam and
aperture pattern, and the maximum aperture area, are deter-

mined with the variation being taken into account.

As mentioned above, due to the variation in the beam
intensity, a portion of the beam with rather weak intensity
may pass through the maximum aperture area of the selected
aperture pattern, and the variation of the beam becomes
larger after 1t passes through the aperture, if the position of
the beam 1s deviated. Therefore, 1t 1s necessary to deflect the
beam to the correct position of the selected aperture pattern,
and to make the error 1n the deflection position as small as
possible.

The first mask deflector 16 to select an aperture pattern of
the block mask and the second through the fourth deflectors
18, 23, and 25 to cancel the deflection are generally of the
clectrostatic deflector type. The amount of deflection by the
clectrostatic deflector changes according to the voltage
applied, but not 1n perfect proportion. Conventionally, the
deflection characteristic of the first mask deflector 16 1is
measured and, based on the measured deflection
characteristic, the voltage to be applied to the first mask
deflector 16 1s determined for each aperture pattern, and
cach deflection amount of the second through the fourth
deflectors 1s determined accordingly. During exposure, a
voltage calculated and determined according to the aperture
pattern to be selected 1s applied.

In this manner, however, a problem 1n that the error 1s
considerably larege and the variation of beam intensity in the
pattern 1s also large, when the aperture pattern i1s actually
selected, occurs.

Conventionally, the maximum aperture area 1s, therefore,
made relatively small compared with the aperture pattern to
prevent the variation from increasing even when the beam 1s
deviated. This measure, however, poses a limit to the size of
the maximum aperture area and, therefore, to the size of a
pattern to be exposed 1n one shot. Moreover, when the
maximum aperture arca 1s made large enough, 1t 1s necessary
to enlarge the aperture pattern, resulting in the problem that
the number of the aperture patterns that can be arranged 1n
the area in which the beam can be deflected by the mask
deflector, that 1s the number of the aperture patterns of the
block mask, 1s reduced.

Because of the facts mentioned above, 1t 1s required to
deflect a beam to the correct position using the mask
deflector for each aperture pattern, and to realize this, it 1s
also necessary to precisely measure the position of the beam
deflected by the mask deflector 1 relation to that of each
aperture pattern and, based on the measurement result, the
voltage to be applied to the first mask deflector 16 for each
aperture pattern should be determined, and the amounts of
deflection by the second through the fourth detlectors should
be also determined accordingly.

SUMMARY OF THE INVENTION

It 1s the purpose of the present invention to precisely
determine the amount of deflection by the mask deflector for
cach aperture pattern by precisely measuring the relative
position between the beam deflected by the mask deflector
and individual aperture patterns.

To realize this purpose, according to the adjusting method
of the electron beam exposure apparatus of the present
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invention, a block mask having at least one adjusting aper-
ture pattern equipped with independent aperture patterns of
the same shape arranged along the opposite sides of the
maximuim aperture area 1s provided, and the mask deflector
1s adjusted so that the intensity of the beam, which 1is
radiated onto the specimen, at the portion of the independent
apertures of the same shape arranged along the opposite
sides of the adjusting aperture pattern, 1s uniform and
maximum.

The adjusting method of the electron beam exposure
apparatus of the present invention, which can be used 1n an
clectron beam exposure apparatus that has the ability to
expose the patterns corresponding to the selected aperture
patterns at one time, comprising an electron gun that gen-
erates an electron beam, a block mask equipped with plural
aperture patterns, mask deflectors to deflect the electron
beam so that 1t passes through one of the said plural aperture
patterns selectively, and also to deflect the passed electron
beam so that 1t returns to its original path, convergent
devices that converge the electron beam that has passed
through the block mask onto a specimen, and deflectors that
deflect the said electron beam on the specimen, i1s charac-
terized 1n that the mask deflector 1s adjusted so that the
intensity of the beam, which 1s radiated at the specimen, at
the portion of the independent apertures of the same shape
arranged along the opposite sides of the adjusting aperture
pattern 1s uniform and maximum 1in the electron beam
exposure apparatus, wherein: the plural aperture patterns are
squares or rectangles, and arranged 1n a matrix form; each
aperture pattern has the square or rectangular maximum
aperture area that limits the area in which an aperture 1s
formed; and a block mask having at least one adjusting
aperture pattern equipped with independent apertures of the
same shape arranged along the opposite sides of the maxi-
mum aperture area.

The intensity of the beam which 1s radiated onto the
specimen, at the portion of the aperture of the adjusting
aperture pattern, 1s measured by deflecting the electron beam
shaped into the adjusting aperture pattern using a deflection
means and by detecting the reflected electrons when the fine
lines along the sides of the maximum aperture area provided
on the specimen are scanned.

When adjustment of the mask detlector 1s conducted for
all of the adjusting aperture patterns, all of the plural
aperture patterns of the block mask should be treated as the
adjusting aperture patterns.

When adjustment of the mask deflector 1s conducted for
only the aperture patterns located on the central and periph-
eral portions, and an interpolation 1s applied for other
aperture patterns, a block mask on which adjusting aperture
patterns are arranged only in the central and peripheral
portions 1s used.

According to the present invention, the aperture portions
of the adjusting aperture pattern correspond to the indepen-
dent apertures of the same shape arranged along the opposite
sides of the maximum aperture area, therefore, the variation
of the beam that has passed through the maximum aperture
arca 1s the smallest when the intensity at these two apertures
1s adjusted to be the same.

BRIEF DESCRIPITION OF THE DRAWINGS

The features and advantages of the invention will be more
clearly understood from the following description taken in
conjunction with the accompanying drawings in which:

FIG. 1 1llustrates a configuration of an electronic optical
column of an electron beam exposure apparatus;



US 6,573,519 Bl

S

FIG. 2 1illustrates a block mask for an electron beam
exposure apparatus;

FIGS. 3A through 3C illustrate the deflection position of

the beam relative to the electron beam exposure apparatus
block mask;

FIG. 4 1llustrates the configuration of the block mask, the
mask deflectors, and the drive circuits of the electron beam
exposure apparatus in the embodiment of the present 1nven-
tion;

FIGS. SA through 5C illustrate examples of adjusting
aperture patterns used 1n the embodiment;

FIGS. 6A and 6B illustrate a shifted (embossed or etched)
pattern on a specimen to be used 1n the embodiment and the

measuring operation using this pattern;

FIGS. 7A and 7B 1llustrate an example of the variation of
reflected electron signal observed 1n the embodiment and a
related adjusting method; and

FIG. 8 illustrates another example of an electron beam
exposure apparatus block mask for adjusting the mask
deflector.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The electron beam exposure apparatus in the embodiment
of the present invention has almost the same configuration as
the conventional ones as shown 1 FIG. 1. FIG. 4 illustrates
the block mask 21, the first through the fourth mask detlec-
tors 16, 18, 23, and 25, and related drive circuits of the
clectron beam exposure apparatus.

The CPU 41 reads out the drawing data stored in the
magnetic tape 42 and the magnetic disc 43 via the bus 44,
and sends out the data relating to the selection of a block
mask, which i1s generated from the drawing data, to the
exposure control portion 45. The CPU 41 also generates
deflection data for the main deflector 31 and sub-deflector 32
and focus data for the focus coil 29, and sends them to each
drive circuit, though an explanation 1s not provided here.
The deflection position data relating to the block mask
selection sent from the CPU 41 via the bus 44 1s provided to
the exposure control portion 45 via the interface 46. The
lookup table 47 stores the signal values (output values) to be
applied to the drive circuits of each mask deflector 16, 18,
23, and 235, and the deflector 17 according to the deflection
position data. The exposure control portion 45 reads out the
output value corresponding to the specified aperture pattern
and sends it to the drive circuit 48 consisting of a D/A
converter (DAC) and amplifier (AMP). The DAC/AMP
circuit 48 generates an analog signal corresponding to the
output value and applies 1t to the first through the fourth

mask deflectors 16, 18, 23, and 25, and the deflector 17. A
block mask 1s thus selected 1n the manner described above.

In the present embodiment, the following measurement
and adjustment are carried out after the abovementioned
settings are completed.

First of all, a block mask 21 1n which all aperture patterns
61 include the adjusting aperture patterns as shown in FIGS.
SA through 5C 1s provided. Each adjusting aperture pattern
has independent apertures of the same shape arranged along
the opposite sides of the maximum aperture area 63. In FIG.
SA, for example, there are four rectangular apertures 71 to
74 arranged along each side of the maximum aperture arca
63. The rectangular apertures 71 and 72 arranged along the
opposite sides have the same shape and so do the apertures
73 and 74. In this case, the shapes of apertures 71 and 72
coincide with those of the apertures 73 and 74, respectively,
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after a rotation of 90 degrees. In FIG. 5B, there are four
square apertures 75 to 78 1n each corner of the maximum
aperture area 63, and in FIG. 5C, there are five more square
apertures 79 to 83 of the same shape, four at the middle of
cach side, and one 1n the center of the maximum aperture
arca 63, 1n addition to the apertures in FIG. 5B. The pattern
shown 1n FIG. SA 1s used here for explanation, though any
pattern 1s possible.

FIG. 6A 1llustrates the fine line 90 provided on the
specimen (wafer) 1 to be used for measurement. A shifted
(embossed or etched) pattern, in which the fine line 90 is
made higher or lower than another part, 1s placed on the
specimen 1. The fine line 90 has the line 90A that extends in
the Y direction and the line 90B that extends in the X
direction. When the specimen 1 that has a shifted pattern 90
as shown 1n FIG. 6 A 1s scanned by the electron beam 10, the
amount of the reflected electron while the electron beam

traverses the pattern 90 increases and the increment can be
detected by the retlected electron detector 33 shown 1 FIG.
1.

An electron beam shaped into the adjusting aperture
pattern 1n FIG. 5A 1s radiated onto the specimen after each
line of the fine line 90 1s adjusted to extend 1n the X and Y
directions, respectively, as shown in FIG. 6B. At this time,
the sides of the rectangular electron beam patterns 71' to 74
corresponding to the apertures 71 to 74 are adjusted so that
they are parallel to the line 90A and line 90B, respectively.
Then, the sub-deflector 32 1s used to scan 1n the X and Y
directions and the output of the reflected electron detector 33
1s observed.

FIGS. 7A and 7B 1llustrate examples of the variations 1n
the detected signal when scanned 1n the X direction. FIG. 7A
shows two high peaks corresponding to the patterns 71' and
72", and a low and wide peak corresponding to the patterns
73" and 74'. The difference in height between the two peaks
on both ends indicates the difference 1n intensity and 1t can
be concluded that the position of the selected adjusting
aperture pattern 1s different from that of the beam deflected
by the mask detflector. Therefore, it 1s necessary to conduct
the observation similarly with another adjusting value 1n the
lookup table 47 1n FIG. 4 until the two peaks have the same
height as shown 1n FIG. 7B. At the same time, the value
should be selected so that the height of the peaks 1s as high
as possible. Similarly, the same adjustment 1s applied 1n the
Y direction. The abovementioned adjustment will optimize

the positions of the selected adjusting aperture pattern and
the detlected beam.

The optimum detflection for each aperture pattern can be
obtained by applying the abovementioned adjustment to
other adjusting aperture patterns of the block mask.

In the manufacturing process of the electron beam expo-
sure apparatus, a block mask 21 consisting only of adjusting
aperture patterns 1s used to adjust the deflection position for
cach aperture pattern. Since the adjusted deflection amount
may change with time, periodical checks and modifications
are required. In this case, however, 1t 1s not necessary to
check all the aperture patterns, instead, just taking measure-
ment of only several central and peripheral aperture patterns
and correcting the deviation using interpolation will do.

The block mask 21 consisting only of adjusting aperture
patterns can also be used for the abovementioned periodical
checks and modifications. It 1s, however, necessary to
change the block mask each time, making the work more
troublesome. Therefore, 1t 1s advisable to use a block mask
shown 1n FIG. 8. This block mask 21 has adjusting aperture
patterns only at the aperture patterns 65 diagonally hatched



US 6,573,519 Bl

7

and other aperture patterns are the normal ones that can be
used with a normal optical exposure. If a block mask 21 like
this 1s used, checks and adjustments can be conducted
without replacement of the block mask 21.

As explained above, the present mvention can provide a
precise amount of deflection of the mask deflector according,
to each aperture pattern because the difference 1n position
between the beam deflected by the mask deflector and each
aperture pattern 1s measured precisely. This not only realizes
an exposure with high accuracy and without exposure
variation, but also increases the efliciency by increasing the
number of the aperture patterns formed on the block mask.

I claim:

1. An electron beam exposure apparatus that has the
ability to expose patterns corresponding to the selected
aperture patterns, at one time, comprising an electron gun
that generates an electron beam, a block mask equipped with
plural aperture patterns, mask deflectors to deflect the said
clectron beam so that 1t passes selectively through one of the
said plural aperture patterns, and also to deflect the said
passed electron beam so that it returns to 1ts original path,
convergent devices that converge the said electron beam that
has passed through the said block mask onto a specimen, and
deflectors that deflect the said electron beam on the said
specimen, wherein:

the said plural aperture patterns are square or rectangular
and arranged 1 a matrix form, and each aperture
pattern has a square or rectangular maximum aperture
arca that limits the arca in which each aperture is
formed;

the said block mask having at least one adjusting aperture
pattern equipped with independent apertures of the
same shape arranged along the opposite sides of the
said maximum aperture area 1s provided; and

the said mask deflector 1s adjusted so that the intensity of
the beam, which 1s radiated onto the said specimen, at
the portion of the independent apertures of the same
shape arranged along the opposite sides of the said
adjusting aperture pattern, 1s uniform and maximum,;

wherein, the electron beam entering onto the block mask
has a size covering the maximum aperture area and
passes simultaneously through each of the independent
apertures.

2. An clectron beam exposure apparatus as set forth 1n
claim 1, wherein, the intensity of the beam, which 1s radiated
onto the said specimen, at the portion of the said apertures
of the said adjusting aperture patterns, i1s measured by
deflecting the electron beam shaped into the said adjusting
aperture patterns using the said deflection means and by
detecting the reflected electron when the fine lines on the
specimen, along the sides of the said maximum aperture
arca, are scanned.

3. An adjusting method of an electron beam exposure
apparatus, which can be used 1n an electron beam exposure
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apparatus that has the ability to expose the patterns corre-
sponding to the selected aperture patterns at one time,
comprising an electron gun that generates an electron beam,
a block mask equipped with plural aperture patterns, mask
deflectors to detflect the said electron beam so that it passes
selectively through one of the said plural aperture patterns,
and also to deflect the said passed electron beam so that it
returns to its original path, convergent devices that converge
the said electron beam that has passed through the said block
mask onto a specimen, and deflectors that deflect the said
clectron beam on the said specimen, wherein:

the said plural aperture patterns are square or rectangular
and arranged 1n a matrix form, and each aperture
pattern has a square or rectangular maximum aperture
arca that limits the area in which each aperture 1s
formed; and

the adjustment of the said mask deflectors 1s carried out so
that the block mask having at least one adjusting
aperture pattern equipped with independent apertures
of the same shape arranged along the opposite sides of
the said maximum aperture area 1s provided and that
the intensity of the beam, which 1s radiated onto the
said specimen, at the portion of the apertures of the
same shape arranged along the opposite sides of the
said adjusting aperture patterns, 1s adjusted so as to be
uniform and maximum;

wherein, the electron beam entering onto the block mask
has a size covering the maximum aperture areca and
passes simultaneously through each of the independent
apertures.

4. An adjusting method of an electron beam exposure
apparatus as set forth in claim 3, wherein the intensity of the
beam, which i1s radiated onto the said specimen, at the
portion of the apertures of the said adjusting aperture
patterns 1s measured by deflecting the electron beam shaped
into the said adjusting aperture patterns using the said
deflection means and by detecting the reflected electrons
when the fine lines, on the specimen along the sides of the
salid maximum aperture, area are scanned.

5. An adjusting method of an electron beam exposure
apparatus as set forth in claim 3, wherein:

the said block mask consists only of the said adjusting
aperture patterns; and

the adjustment of the said mask detlectors 1s carried out on
all of the said adjusting aperture patterns.
6. An adjusting method of an electron beam exposure
apparatus as set forth 1n claim 3, wherein:

the said adjusting aperture patterns are arranged in the
central and peripheral portions of the plural aperture
patterns of the said block mask; and

the adjustment of the said mask deflectors is carried out
for the said plural adjusting aperture patterns.
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